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Abstract: This article utilizes North China regional radar composite reflectivity factor mosaic products,
single-site radar data from northern Shanxi, ERAS5 reanalysis data, and surface observation data collected
in the warm season (May— September) of 2021 —2023, and conducts statistical analyses on the changing
characteristics of squall lines descending mountains in this region. The results show that a total of 29
squall lines are identified, and following the moving directions of the squall lines, they are classified into

four types: west-moving, northwest-moving, north-moving, and basin-originating. Then, based on their
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intensity changes when descending mountains, they are classified into three types: intensifying, weak-
ening, and maintaining types, of which the weakening type is the most common, accounting for 67 % of
the total. All west-moving squall lines belong to the weakening type upon descent, while all north-moving
types of squall lines are of the intensifying type. The northwest-moving type includes squall lines that in-
tensify, weaken or maintain the intensity upon descent. Analysis of the environmental background ahead
of the descending path for intensifying and weakening types within the northwest-moving squall lines re-
veals that, compared to weakening squall lines, the intensifying ones exhibit slightly stronger dynamic
conditions, while conditions related to moisture, convective available potential energy and vertical wind
shear are comparable or slightly poorer. Therefore, it’s difficult to accurately forecast whether a squall
line will intensify or weaken upon descent based solely on the environmental conditions ahead of its path.
For short-time nowcasting, radar data can be used to forecast whether a squall line will intensify or weaken
upon descent. The intensifying squall lines upon descent typically exhibit stronger echo intensity, with
moving speed around 17 m « s~ ', Large gradient zone of reflectivity factor is concentrated in the front sec-
tion of a squall line, with an overall bow-shaped squall line accompanied by a gust front. Radial velocity
cross-section shows a distinct organized structure with forward inflow ascending slantwise along the rear
inflow. In contrast, the weakening squall lines upon descent typically have weak or moderate echo intensi-
ty, and their moving speeds are generally below 10 m « s~ '. Large gradient zone of reflectivity factor ap-
pears at the rear part of a squall line, which has overall a straighter shape, not accompanied by gust front.
On the radial velocity cross-section, there is no distinct organized structure with forward inflow ascending
slantwise along the rear inflow.

Key words: northern Shanxi Province, squall line, descending mountain, comparison analysis

(4 18 A BIHEAT T R GEPETIE, K BET L3 53 119 %ot
UL AR GEE R A A A AR R A SR T LR AR
GuARL 5 W H A A SRS AR . SR
S B OO IR KB R L DL A 2% AR 5 R AR T 5

5 "

J 2 2 — b HE B 2 AR s DR Y AR L Ol

i R RS I 5 [ K | DR e A XS ) Y
FFME RS W PGILHR (R AR B L) Hb X A7 F A2 b -F
Ji 5 N 58 e D e T R W R (59 ) B2
KRB XIZ —, ZH X B 2 A% R 70 L A
Wk s AR PG 2Z B) A B K 1 4 38T R £ 40 A TE Z
TCie RELZR S TG 1] 7R o 38 & N PU L B A R - 30 AL
g A BB 2 T I By AR . B R ZA
PURELZR T LA Y6 A5 R A0F R0 BL B L A R o A 1) 1 e
RN R SR, IEA BT b R BT 7 43 T
JE 2L T 117 8 R AIE 32 22 05 T PR R S o AR AR
A% 1 N A B GE6  XZR  Lh R EALEE . A
AN EHRTT TIHEAWGL ., Wilson et al(2010) fiff
FER B — MG OLT S XX R B B 5 3B | 2H 2R
PEBRGT T 1 25 B0 5 09 7] BE MR BOR BN IR T
X i K2R R Ll e — e DL 2 R i . B R
(2012) IR RUBE K ACH S5 R Jmy A Bl ) R85 2% A 1Y)
FARE X 20082011 A b 3 1l DO I KU L3 5

AN LR 0 S B AN TE D B R SR
(201D 23 b s s X — R 55 RARE A T & T
LLy 388 58 1 451 B o b TR 5 A N T R T L s
FEAEM. H % (2013;2015) 4 X b 5t 55 R
SN BT L 3G 9 XU AT RCTE A A B Ve it AR
J2 P 58 R AR A T2 3 B L B R 3t DR 2 1 5 A% 7
B OB . PNE ARG (2017) X 55 KRR
JER WS TGS T I 24 y o ROBE i B R
000 R BLTR 2% A B 1% 98 55 2 40 BT LR L S e
REE4EFFE R EE RN R Z — & TG
559 4k A Gy AERr a5 . 20 AE (20200 X b T b
DX 2% GRS T AR 4 T L A J 1 i L2 R AR T A
FER I BB AR A TE 55 — A G B R Bl
B Rk , k2 U e 4R R TR AN — i T LR Y
PO FME M REREGEFZEMRT N FELERN
o IR A 2 3 0 6 i XU T 1L 9 AR AT AR
2851 . Xiao et al (2017;2019) £ 5815 H4 4t 57 Hi X



%3

3 A A L 3 DM 2R T 1L AR AL E X HE 2 # 303

I 2 558 R AR AE T ORI XU T 1L 1 ik ) E S A A
R SCHAF (20235 2025) X B2 2 R AT L AR X it KL 2
T L A Y A R O AN R B AR AR EAT T SE At A
S BT VE ) 645 AN 2= R AT Ll DX i KUz T 1 i A
A 6300 ISR

FIRBFR R RS T IR Z A RIE SR
XoF 3 R+ Ll A0 58 X A 2 B KU B (R 2
BRI R A . BEZAE Ry — il B A RR A R
S5 2k 2 B A XU S [ P A 2 o R T BB X
XPHBEATHLELBE Y 38 78 T PE 4 & J A% 4% 1) “RKW
8”7 (Rotunno et al, 1988; Weisman et al, 1988;
Bryan et al,2006; BE B & A1 £ 30 F, 20125 1 & 45,
2020) , SUHIASG 3 A K B, RE LR A B R EE A A
SERHE ST Y I St B R K R A R ) T R
(EFHBIEE, 20125 5K 75,2017 ST RS, 20195 75
2021 B m%,2024) , [ABSAS /D2 2 4 X Bt
A DB RE 2R AT 1IN S g A RS S AR AE LB UL
il ZH VRN O 2L B 5 O T gE i o i
PARIT I DX R 2k K A 5 T 1 LA (e S 3 <5
2016 ; 5% Hif #2455 20195 HE AR A, 20205 J5 Wi 2%, 20235
B ,2024),

SR H AT TR X REZE T 17 28 FFAE FO AL B
FE B SCHR AL /D HAS ) 1 DX RIS REAE L bR 46 R R
AIATE] JELT LAY A8 R AR 2 A T A ). b
DX B 52 2% 6 T %M X R 2T L i B o A Oy ik
Z AWEFE X AL XRE LT 1L AR R AE VR BE 3 2%
1 B P 3R L Y AR SR AT R LU 43 BT o A O R 4k e B
I i Pl AR $2 2%

1 BdEAnorik

1.1 #HxRXE

A SCHIFSE IX 38 9 oy 38. 0°~40. 8°N,110. 5°~
114. 5°EC 1 5 HE BT 7R ) » E BEALHE K [R) L ) 1 A e
Mo L AU i X I A AR KA KT, P
A B BRI PR L Bk Z 8] 2 g AU i At . JL A R
[Fi] 25 1, 7 A BT M A

1.2 %

A BE A 35 20212023 4 2 (5—
9 HO AL X3 5 I 4l & 0 R R 7 PF 1R 7 b (25 [
SFHER N 0.01°X0, 01°, I8 43 #8R Jy 6 min) \F b

3600
3200
2800
2400
2000
1600
1200

800

400

108 ) 110 112 114 116°E

T+ 17 3k R L AL K Tr 1), K5 3R AR L
YT 5 )5 HE R AL IX
BIL v AR i DX B 4k e L) i
AL 45 B8 > 77 [ 1) G 2k 43 IX. (I [0
Fig.1 The altitude of Shanxi Province and
its surrounding areas (colored) and

the zoning of squall line sources (ellipse)
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Table 1 Criteria for determining the variation of squall line intensity
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Fig. 2 Intensity change of different types of squall lines descending mountain

(a—c) west-moving weakening type on 20 July 2023, (d—f) northwest-moving maintaining

type on 13 June 2021, (g—1i) north-moving intensifying type on 17 June 2022
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Fig.3 (a) Numbers of different types of squall lines and (b) statistics on intensity changes of different

types of squall lines descending mountain in northern Shanxi from May to September in 2021 —2023
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Fig. 4 Box plots of the average values of various physical quantities in the Datong Basin

1 h before squall line descending mountain from May to September in 2021 —2023

(a) 850 hPa specific humidity, (b) integrated total precipitatble water, (c) 850 hPa divergence,
(d) ATss0-5005 (e) CAPE, (f) 0—3 km vertical wind shear
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Fig. 5 (a—c) 500 hPa geopotential height (contour, unit: dagpm), (d—10) 700 hPa wind field (barb)
and CAPE (colored and contour, unit: J « kg '), (g—1) 850 hPa specific humidity
(colored and contour, unit: g« kg '), and (j—1) 0—3 km vertical wind shear (vector and colored,
unit; m* s ') 1 h before squall line descending mountain
(a, d, g, j» b, e, h, k) intensifying squall lines upon descent at (a, d, g, j) 17:00 BT 19 June and
(b, e, hy, k) 19:00 BT 6 August, (c, f, i, D weakening squall lines upon descent at 19:00 BT 7 August 2023
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at 0. 5° elevation, cross-section of (m, o) reflectivity factor and (n, p) radial velocity
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